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Abstract 


Field diffusion programs were conducted at Cape Canaveral, Florida and 
Vandenberg AFR, California during 1961 and 1962. These programs, nicknamed 
Ocean Breeze and Dry Gulch respectively, were undertaken to establish quantita— 
tive diffusion predictions for use ag range safety tools at the missile test ranges. 
The programs culminated at each range with the installation of an automatic 
computer -controlled meteorological data acquisition and processing system now in 
continuous operation at the bases. These systems have been named Weather In- 
formation Network Display (WIND) systems, 

Volume { describes the diffusior, experiments that were conductea as well as 
summaries of the resulting experimental data. Volume II ia devoted to analyacs of 
the data to develop diffusion prediction equations, description of the WIND systems, 
recommendations for operational use of the predicticn equation and WIND systems, 


and prellminsry climatological summaries for each misslle test range. 
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Preface, Volume I 


During Noveinber 1960, the Air Force Ballistics Systems Division requested 
the Air Force Cambridge Research Laboratories to undertake an extensive pro- 
gram involving field diffusion expeciments and inicrometcorologival instrumentation 
at Cape Canaveral, Florida and Vandenberg AFB, California. The motivation for 
the program arose from planned launches of missiles employing toxic propellants. 
Range safety procecuresy that had been developed prior to this tine were completely 
inappropriate for air pollution problems. In fact, air po!ution problems in general 
involved range safety concepts that were unfamiliar to many of the people concerned, 
Vne purpose of the cffort, then, was twofuld; 


(t)) To design and conduct diffusion experiments in the f:eld in order to develop 
quantitative, reliable statements of aiz pollution hazard or potential at 
al) times. 


(2) To provide the cance safety officials and the staff meicorologists with an 
operationally useful system for describing the state of “he atmospheric 
boundary layer as defined by the parameters of the air pollutror, problem. 


Part of the first objective was undertaken jointly by AFCREL ond the General 
Electric Company's Atmospheric Physics Operation Group at Richland, Washington. 
Accomplishment of this objective has resulted in a large amount of diffusion data 
which are presented in Volume [. ‘The analyses of these data andthe design of a 
system to use the results of the anziyses represent un operationally vriented 
answer to a specific air pollution problem and are presente) 43 Volume (f Pres- 
ently, Volume If can be distributed only to agencies with w need to know' vequire- 
ment. It is anticipated that an unrestricted distribution of Votca.e IP will occuc 


sometime during 1955, 
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Diffusion data and supporting meteorological] data are preseoted for a total of 
76 experiments at Cape Canaveral and 109 experiments at Vandenberg AFB. These 
data significantly implement the store of existing data obtained from field diffusion 
| experimenta that would not have been possible without the efforts of many people 


who gave freely of their time and interest in gathering these data, 
The many people who have contribured to the effort are among those acknowl- ; 
= edged [n the approprfate chapters of this report o> are authora of specific chapters, a : . 
i We are happy to take this opportunity to extend our thanks to everyone concerned ° 
for their efforts on this problem. 


= 1D. A. Haugen, AFCRL sae 
*. : J. J. Fuquay, GE 
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THE OCEAN BREEZE AND DRY GULCH 
DIFFUSION PROGRAMS 


1. Design of the Diffusion Experiments — 


Projects Ocean Breeze and Dry Gulch 


Duane A. Haugen 

Air Force Cambridge Research Laboratories 
James J. Fuquay 

Hanford Laboratories 

General Electric Company 


1. INTRODUCTION 


Here the variouS measurements that were mace during the field work at Cape 
Canaveral and Vandenberg AFR will be outlined These experiments and the 
resulting data are properly classified as ‘engineering information’. For scientists 
intimately concerned with assessing air poilution hazards, the data are quite useful 
since they represent a large sample of diffusion data from two geographical loca- 
liens differing widely in terrain, vegetation, and Climate [rom any other site of 
similar experimental work. For ease in discussion, the field diffusion efforts 
have bien nicknamed as follows: Project Ocean Breeze for the experiments at 
Cape Canavera?; Project Dry Gulch for those at Vandenberg AFB. 


(Recetved for publication 19 September 1963) 


2. DESIGN OF TRACER EXPERIMENTS 


To assesa the pc'lution problem of a potential accident associated with a missile 
system, one should simulate the modes of toxic releases that are possible, and 
sufficiently saruple the air at vartous distances and azimuths downwind from the 
rclease point so that the exposure levels will be accurately established 4 je use 
necesfary to measure the meteorological variables in and about the area of the 
trajectory of the release so that the relation bctwecn these and diffusion parameters 
obtained from sampling the cloud will be determined. When this dependency is ° 
known, the basis for the prediction of exposure levels and cloud widths has been 
for mulated and the micrometeorolugical system is operational, 

Discussions with various people concerned ‘vith yeneral air pollution problems 
at Cape Canavera! and Vandenberg quickly revealed that the majority of conceivable 
and probable accidents could be characterized by ground-based continuous point 
sources of pollutant. There waa, at that time, considerable data available from 
continuous point-source diffusion experiments. Notable examples of relatively 
extensive, sophisticated diffusion experiments are the Prairie Grass data, obtained 
at O'Neill, Nebraska tr 1956," aod the Green Glow data, obtained at Richland, 
Washington in 1959.7 Because of the availability of these data, it was necessary 
only to design experiments that would highlight operationally significant differences, 
if any, between the various sets of data. 

The period of emission chosen for the diffusion experiments was 30 minutes. 
Very timited knowledge is presently available about actual pollutant emission 
periods at the missile ranges. It is known thal actual polluiant emission periods 
could vary from a few minutes to a few hours, depending on the total amount of 
propellant spilled, whether it ts spilled into a catch basin and drained or burned off. 
whether a fuel-oxidizer mixture is present, whether water is mixed with a spil} - 
to cite some of the factors leading to emission period variability. Thus, from the 
point of view of accident simulation, the choice of 9 30-min emission period could 
be considered somewhat arbitrary; in practice, the diffusion results to be presented 
can be used with confidence to assess the advisability of any given operation with 
toxic materials. Mowever in the case of an actual accident, the interpretation of 
the diffusion results must account for significant differences in emission periods 
as well as possible effective suurce heights. 

The actual choice of the emission period was made only after consideration of 
two other aspecte of the probiern. One was tne general scale or scope of the par- 
ticular probtem that was determined to be of the order of 2 to 5 mi for unstable 
conditions, and 10 to 40 ini for stable conditions. ‘The other was the predominance 
of an on- shore or sea-brecze circulation during the daylight hours at both sites for 
practically the cniire year. It was desirable to study the scea-breeze situation In 
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perticular, since an ‘a priori’ range safety rule had been established at both sites 
t that effectively precluded al] operations with toxic propellants during on-shore wind 
conditions, Therefore it was nececsary to determine actual turbulent diffusion 
characteristics uider sea breeze canditions as accurately as possible. Since this 
meant that the most important experiments fur operational purposes would be con- 
E ducted under unstable conditions, an emission periud as long as possible was chosen 
i in order to obtain nearly ‘stcady-state’ sampling periods. 
The criteria for the operation of the diffusion experiments and the geometry of 
% the sampling grids at Cape Canaveral and Vandenberg were formulated on clima- 
tological data of those sites, physical characteristics at those locations, and most 
important, on the experience from prior tests at Hanford that used the same experl- 
mental techniques. The initiu] design criteria included the following features: 
a. Sampling would be conducted along arcs concentric about the source at 


- radial distances dictated by the scale of the problem. 

: b. Where possible, the arcs were to be spaced logarithmically from the 

4 source. 

= ec. The tracer material would be released from a ground-level source. 

# dad. The period of emission would be 30 min as previously discussed, 

= {a addition, features peculiar to the use of the Hanford Tracer System had to 
| r be factored into the design. ‘These were as follows: 

- e. Maximum release rate for the tiapersal of the tracer was not to exceed 
es 8 kg per hour, 

= . ‘ €@ = The sample -assaying syst-.n employed the Rankin Counter, an automatic 
=* zinc sulfide particle detector, which is described in Chapter Il. The 


gample assaying was to be conducted at the Hanford Plant. 


| g- Centerline or peak exposures should be at least 100 times the background 
count to insure the required accuracy in arcwise dispersion estimates. 


” h. Field samplers would be in operation well before and after the passage of 
. the cloud providing measurements of dosage rather than concentration. 


3. CAPE CANAVERAL - OCEAN BREEZE EXPERIMENTS 


The Ocean Breeze source point was located between Launch Pads 15 and 16 
approximately $30 yd inland from the coastline. The diffusion course consisted of 
three arcs concentric on the source point at radit of 0. 75, 1.5, and 3.0 miles. 


Sutnplers were placed at 2° intervals on Arcs 1 and 2, and t. 5° intervals on Arc 3. 
Arcs 1 and 2 extended from 152? through south to 340° azimuth bearing on the source 


a point, Are 3 from 152° through south to 236, 5° azimuth bearing on the source 
aa point. A schematic chagram of the Ocean Hreeze sampling course {s shown in 

i Figure tl. (Aq aerial photograph of Cape Caniveral is shuwn in Figure 2 which also 
a includes the sampling are service rouds.) It should be noted that the uricntation of 
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the course was such that Are 3 could only be used with northerly winds, a wind di- 
rection which occura fairly frequently during the winter at Canaveral Bost of the 
Ocean Breeze experiments were conducted duriag sea-breeze conditions, or under 
easterly winds. Therefore, most of these data are restricted to Arcs 0 aad 2. 

. The terrain at Canaveral consists generally of rolling sand dunes 10- to 20-ft 
high Much of the diffusion coarse was covered wilh dense palmetto growth and 
brushwood. The palmetto varies in height from about 2 to 5 ft; the brushwood from 
about 7 to 14 feet. (See Figure 3 for a typica) photograph of Canaveral vegetation. ) 
Because of the dense vegetation, ail filters were placcd at 15 ft above lecal ground 
level. To enable a rough check on the degree of vertical mixing within the cleared 
areas along each arc, an additional 15 likers each were installed at 5-ft heights on 
Arcs 1 and 2 at azimuth positions of 240°, 246°, 252°, 258°, 264°, 270%, 276°, 282°, 
288°, 264°, 360%, 306%, 312%, 318°, and 324%. A summary of comperisoa between 
observed S- and L5-ft concentrations is presented in Chapter IL 
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Figure 3. Palmetto and Brush Growth Typical of Much of 
Cape Canaveral Vegetation 


Preparation of the diffusion course wus accomplished by a local company under 
contract ty the Alr Forcn Missile Test Center (AFP MTC), according to specifications 
furnished by AFCRE. This work included clearing gut the vegetation for the source 
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point and sampling arcs, surveying the positions of the filters and source point, 
installing the sampling posts, providing electrical power at the source point, and 
constructing service roads behind each sampling arc. Fan- American Airways, 
Ine., the AFMTC range contractor, provided the hose, vacuum pumps, gasoline 
engines, and hardware necessary to irstrumert each sampling position. Pan- 
American also provided the radio- equipped trucks and personnel necessary to 
operate the diffusion course. 

Technica) supervision of the diffusion experiments was provided by personnel 
of the Atmospheric Physics Operation, Genera! Electric Company, Richland, 
Washington. This consisted of training the field crew, scheduling each diffusion 
experiment within the framework of other activities and favorable wind and stability 
conditions at Canaveral, and muintaining a clese check for anomalies in the opera- 
tion of the generators and samplers. Genera} Electric also furnished all the filters 
and tracer material necessary for the experiments, and provided AFCRL with s 
tabulation of the diffusion data resulting from each experiment. 


4. VANDENBERG AFB - DRY GULCH EXPERIMENTS 


The terrain at Vandenberg {3 extremely comy.ex, about as far removed from 
an idea) Mat plane as one could imagine. Significant terrain features consist of a 
broad mesa 200 to 300 Mf in elevation sloping to the west with a 40- to 60-ft bluff 
at (he coastline and rugged foot-hills and ridges inland, The mesa ts cut'up by sev- 
eral sharp, fairly deep ravinus and has well-cefined valley systems at ite northern 
and southern edges. Both vulley syutems are oriented roughly along WNW to ESE 
lines; the northernmost valley (San Antonio Valley) being fairly narrow with rela- 
tively steep sides, the southernmost valley (Lompoc or Santa Ynoz Valley) being 
quite broad with gently sloping sides. Vegetation at Vandenberg generally consists 
of grasses to a height of 1 to 2 ft, occasicnal clumps of brush $- to C-ft high and an 
occasional line of cucalyptus trees to heights of 50 to 80 fect. Sce Figures 4,5 and 
6 for typical photographs of Vandenbet g terrain and vogotation features.) 

The complexity of the terrain at Vander.berg Iud us to design two Dry 
Gulch diffusion courses; one up on the mesa, and one along the Lompoc Valley line, 
both courses being orjented to sample the predominant on-shore wea-breeze circus 
lation. The B-course laid out on the mesa hed a source joint about 2600-yd inland 
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from the coastline. Two sampling arcs, B-1 and B-2, were sucveyed concentric 


a a 


on the source point at radif of 1.43 and 3. 52 mi (2301 and 5665 m), Samplers were ts 
ptaced at 2° intervals on Arc B-1 which ran from 87° azimuth through caat to 171°. 
Samplers were placed at 3° intervass on Arc 8-2 which ran from 85° azimuth through 

esst to 171°. (See Figure 7). 
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Figure 6. Dry Gulch 
Service Road Along 
Are D-3 Running from 
Southern Slopes of 
Purisima Hills across 
Lompoc Valley into 
Hills on Pt. Arguello 
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The D-course laid out along the southern edge of the mesa and up the Lompoc 
Valley had a source point about 1100-yd inland from the coastline. Three sampling 
arcs, D-1, D-2, and D-3, were surveyed cuncentric on the source point at radii 
of 0.83, 0.93, and 2.93 mi (853, 1500, and 4715 m). Arcs D-1 and D-2 extended 
from 60° aainwth from the source point to 180°. Asc D-3 extended from L1G" ta 
180° for the firat two series of experiments by which time it was discovered that 
the mean wind direction frequently did not follow terrain features along the valley, 
but instead followed fairly straight lines across the hills on the north side of the 
valley. ‘Accordingly, Arc D-3 was extended 20° on the north to 90° for the third and 
final series of Dry Gulch exgeriments. Arca D-1I and D-2 had 2° nampter spacing; 
Arc D-3, 1° sampler spacing. All sampler heights for Dry Gulch were 1. 5 m 
above local ground level. 

Preparation of the diffusion courses consisted of the same activities as out- 
lined for Ocean Breeze. It was accomplished by The Martin Company, Vandenberg, 
under contract to the Air Force Ballistics Systems Division according to AFCRL 
specifications, Gencral Electric Company personnel performed the same activities 
for Dry Gulch as they did {cr Ocean Breaze. 


5. METEOROLOGICAL SUPPORT 

Supporting meteorological measurements were taken for each Ocean Breeze 
experiment by personnel of Pan-American's Cape Weather Station. Wind speed and 4 
direction were measured by Belfort [nstrument Company's Type M located at the 
source point and exposed at a height of 12 ft above terrain. (See Figure 8 for a 
photograph of the Ocean Breeze source point.) Recording was on strip charts that 
were driven at the rate of 3 in./min for a nominal 60- min period beginning with the 
tracer emission period. Computations of mean wind speed and the standard devia- 
tion of wind direction fluctuations were then made for the 30-min period corres- 
ponding to the emission per:od or, in some cases, a 48-min period starting with 
the emission period. ‘fhese ata are tabulated in Chapter Iff- 

Temperature profile irformation was derived from three wiresonde measure- 
ments of temperature from she surface to 500 ft read at 50-ft intervals on each 
ascent and descent of wiresonJe captive ballocn. The wiresondes were begun about 
15 min prior to the beginning of emission and usually took sbout 45 min for com- 
pletion. ‘he wircsondes were taken at the Cape Weather Station a few hundred feet 
downwind from Arc 2 at an azimuth bearing from the source point of about 196°. 

(See Figure 1.) Mean vertical temperature differences coinputed from these data 
are tabulated in Chapter 11. It is worthwhile to note here, however, that these data 
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are more subject to error than all other data obtained during Ocean Breeze simply 
because of the inherent limitations of the wireaonde observational system. 
: Detachment 11, ith Weather Group, Air Weather Service, Patrick AFB pro- 
viced support to the Ocean Breeze activities by furnishing copies of standard syn- 
optic duta for Potriek AFB and Cape Caneveral. These data consist of the VWBAX 
104 and 10B surface observation forms, coples of the surface synoptic maps 
: analyzed for the area, and rawinsonde data collected from Cape Canaveral by Pan 
| : American Airways, Inc. The Weather Detachment also provided wind direction 
S forecasts in direct support of scheduling cach Ocean Breeze diffusion experiment. 
< Since these data are standard synoptic data usually readily available to interested re 
3 parties, they are not presented here. The rawinsonde data, however, are presented. i 
Supporting meteorological measurements were made for each Dry Gulch -. 
~ experiment by personnel of Detachment 3, 3rd Weather Wing, Air Weather Service. . 
| Wind speed and direction were recorded by Belfort Type M wind sets exposed at 12 a 
: {{ above terrain at each source point. Recording was at the rate of 3 in./min as at tee 
Ocean Breeze and the same type of data reduction was accomplished. (See Chapter 
ee MI.) ee 
Temperature differences for the first 29 Dry Gulch experiments were ubtained 
by ‘gantrygonde', a jervy-rigged device utilizing wiresonde instruments mounted on 
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a an Atlas gantry. Since thiv was not a particularly trustworthy method of obtaining a 
~ temperature difference data, the 'gantrysondes* were replaced by wiresondes. oa 
os Location of the wiresonde and ‘gantrysonde’ sites is shown in Figure 7, The mean ss 
- vertical temperature difference data obtained from these observations are presentea i 
re in Chapter IM. _ 
; Between the first and second series of Dry Guich experiments, it was decided & 
; to sugment the wiresonde measurements by measuring the temperature difference § 
rs between 6 and 54 {t on a fixed tower known as the MOD-II site. (See Figure 7.) vs 
These measurements were obtained by recording the temperature difference indica- & 
ne ted by thermocouple junctions exposed at these heights in wind or naturally -ventilated me 
be radiation shields designed, built, and loaned by Dr. William ree Agricultural te 
E & Mcchameal College of Texas, College Station, Texas. e: 
Between the second and third series of Dry Gulch experiments, one more 4 
P observational site of vertical temperature difference was established, using 6- e 
| junction thermopiles in Beckman-Whitley aspirated shieids at heights of 6 and 54 om 
. (eet. Recording was on Rustrak recorders. ‘The site for these ooservutions was . 
. near the source puint for the [)-course. Tabulation of mean vertical temperature a 
differences obtuined from these two charts fur the Dry Gulch experiments is pre- "4 

. sented in Chupter IL. 
, In addition to the meteorological support provided by Detachment 3, the U.S, — 
Weather Burcau rawinsonde statiua ut Point Arguello, a Support group at the Pacific . 
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Missile Range, made special rejeases and detailed computationa of the wind and 
temperature profiles up to 700 mb for most of the Dry Gulch experiments. For 
those experiments that coincided with their regular observation time, the regular 
rawinsonde observation was used, These rawinsonde data are tabulated in Chapter 
UI. It should be noted, however, that the rawinsonde site is about 8-mi south of 
and 200-(t higher than the wiresonde site. Vandenberg local circulation patterns 
are characterized by Grequent occurrence of a marine inversion layer, a phenomenon 
which has possible important effects on air pollution levels. For a discussion of 
which effects were observed, refer to Volume If, Chapter [Il of this report. 

One other set of meteorological observations made for both Ocean Breeze and 
Dry Guich should be mentioned. These consistc? of battery-operated Belfort 
Instrument Company Type C's which were inscall:d at 12 sites at Canaveral and 18 
sites at Vandenberg foe the purpose of obtaining horizontal wind-trajectory Infor- 
mation. These instruments were eapecially buill for these programs, but proved 
to be unsuccessful. The prinary reason for thei- faiture was corrosion of the 
speed and direction commutators when exposed t high ccncentrations of sea salt, 

a problem anticipated But nol fully appreciated prior tu instrument installation. 
Personncl of Detachment 3, Vandenberg were particularly industrious and ingenicas 
in maintaining and modifying the Type C wind sets in the field, but the resulting 
data are deemed insufficient in both quantity and quality to merit tabulation. 


6. EXPERIMENTAL TECHNIQUES FOR TRACER EXPERIMENTS 


The general method in conducting a dispersion experiment is to release a tracer 
material into the air a@ a known and constant rate, and sample the material at 


various distances and azimuths downwind. The results must be quantitative so that 
careful design of sampler and assaying systema is essential. in addition, the 
analysis planned for the data must be at least partially determined in advance so 
thal the final confidence requirements on the data can be factored inte cach step in 


the conduct of the experiment. 

The atmospheric tracer material used during these experiments was the fluo 
rescent pigment, zine sulfide, U.S. Radium Corporation designation No. 2210, 
It is a very fine particalate which Muoresces green under ultraviolet light. The 
particle size distributeon 13 nearly log-normal with a geometric mean of 2. Su and 
a standard deviation of the logarithms of the diameter of 0.70. The material 
specific gravity ts 4. 1. 


The fluorescent powder is mixed with a surface active agent, sodium lauryl 
sulfate, in the ratio of 2 g detergent per kg of pigment. A small amount of water, 
about 1/2 gal, is added to the dry material and thoroughly mixed with a paint shaker. 
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Glass beads are added to enhance mixing. The slurry is then transferred to a 
large formulation tank, where it is further mixed with additional water for at 

least 20 min before release through the dispenser. The recirculation rate, prior to 
and during emission, is 4800 gal per hour. Homogeneity of the formulation is 
checked by drawing samnpites directiy from the intake ‘ine of the diapenses during 
generation. 

The Muorescent pigment slurry is dispensed through two stendard Todd 
Insecticidal Fog Applicators (TIFA). The TIFA, shown in Figure 8, is an aerosol 
fog generator which consists of four primary compqnents: an oir blower, which 
oelivers 160 cfm to the atomizer cup, used to atomize the liquid carrier; a com- 
bustion chamber, used to heat the air from the btiower and aid atomization and 
evaporation of the carrier; a tormulation pump to Supply the formulation to the 
atomizer cup under pressure; and a 7. S hp gasoline engine to drive the blower 
and the pump and, aleo, to supply a continuous electric spark to fire the combustion 
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Figure 8 Ocean Breeze Source Point Showing the Todd 
. Insucticidai Fog Apy-licators Emitting Pigment. Belfort 
, Type M Wind Set is Seen in Background. 
. : The generators are »perated in pairs, sice by side, with a common formulation 
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tank to obtain release rates upto 8 kg per hour. The dispensing rate is varied by 


adjusting the formulation pressure or by ad:usting the droplet size selector ora 
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combination of both. (Once set, the dispensing rate is essentially constant.) It 
was determined that a volumetric generation rate of 20 gal per hour and a blower 
air temperature of 750°F would produce a sprav which essentially evaporates within 
a few feet of the nozzle. To minimize iosses on vegetation cloge to the source, the 
nozzles of the two dispensers were pointed upward at an angle of about 30°, giving 
an effective source height of 2 to 3 m above ground. The nozzles of the two dis- 
pensers were pointed inward t> make an angle of about 40° with the centerline of 
the sampling grid producing effectively a single source, 

The generation rate was set prior to each release and was not altered after 
generation was started. The actual amount of pigment emitted during each run wag 
computed by subtracting the amount of formulation remaining in the tank at the end 
of the generation period from the total formulation in the tank at the beginning of 
the generation period. 

The primary sampler used in the Cape Canaveral and Vandenberg AFS experi- 
ments was a membrane filter inserted in a disposable polyethylene holder. Sam- 
ples collected on a filtcr were bulk samples intended to collect all pigment passing 
through the {intake zone during a given run. Figure 9 shows that the sampler untt 
consists of five parts: The base contair 3 a cavity in which a cylindrical roll of 
crened-paper filter backing is inserted; a molecular membrane filter (Membrane 
Filter, 47 mm diameter, Type AM-1 of Gelman Instrument Co. , Chelsea, Michigan) 
is placed on the plane circular surface formed by the base and the filter backing; 
the retaining ring pinches the periphery of the filter tightly against the base, while 
the circular area of 1-5/8 - inch diameter that is still exposed is supported by the 
norous creped backing; the dust cap merely protects the filter surface both prior 
to and subsequent to sa:npler exposure. Vacuum is applied at the ribbed nozzle of 
the base and the dust cap is removed curing field operation. Fach filter holder was 
used only once; thus, there was a complete new set of sampling units for each field 
test, eliminating any possibility of contamination from the sampling assembly. 
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Figure 9. Blow-up of Membrane Filter Sampler Unit 
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The basic vacuum system used throughout consisted of a Gast-Model 2565V, 
heavy duty, vane-type vacuum pump driven by a Clinton-Series 290, Model TBA, 
air-cooled, 4-cy, l-cylinder, gasoline engine shown in Figure 10. Each unit 
would provide 5 cfm of air Mow at critical flow and would operate for at least 4 hr 
without refueling. Where lower volumetric flow rates were adequate, the samplers 
were manifolded to the vacuum pump by connecting them with 1-in. vacuum hose. 
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I Figure 10. Photograph of Vacuum System Used with Sampler Units 
ate It is important to determine the rate of air flow through the filter if the exposure 
data are to be accurate. Consequently, all the orifices used in the Ocean Breeze 


and Dry Gulch Programs were individually calibrated, taking Into account the 
: small reduction in flow due to the pressure drop across the filter. The approxi- 
mate size of the orifices required for critical Mow for each arc was first ceter- 
mined from the anticipated source strength, the estimated dilution of material us 
determined from previous experiments, and the range of masg values that the 
counting equipment could accurately detect. Once the desired Mow rate for each 
arc was determined, the individually calibrated orifices were selectively grouped 
for each arc, Because of the small range of flow rates on any one arc, it was 
possible to use the mean value for the entire arc. The resulting error contributed 
less than | per cent of the overall standard error, which is listed in the table of 
results, Chapter ff. 

The mean values of the flow rate are given ir. Table L- 
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TABLE t. Mean flow rates for O>ean Breeze and Dry Gulch experiments 


Ocean Breeze 


Flow Rate (m3 see!) 


@ 001864 
@ 001864 


& 000920 '’ 
Q 001384 
@. 001864 


%. DESCRIPTIVE SUMMARY OF EXPERIMENTS 


An attempt was made to conduct diffusion experiments which would sample 
significant seasonal differences in local circulation patterns at Canaveral and rien 
Vandenberg. For Canaveral, experiments were conducted during the summer and o 
winter seasons; summer hecause of the high frequency of occurrence of sea 
breezes; winter because of fairly frequent cold frontal passages which occurred 
with northerly winds and, it was thought, possibly frequent very anstable conditions. 
For Vandenberg, experiments were conducted within and during the absence of the 
marine layer with a strong capping inversion. These were also es: enliully summer 
and winter experimenis. 3 
The purpose of the experiments was, again, to provide data for developing and as 2 
' testing diffusion prediction equations for operational use at Canaveral and Vanden- 
berg. Concurrent with the field diffusion work, AFCRL was actively engaged in 
cbtaining an automatic metevrological data ohservation and processing system to be 
installed at each base. This system continually provides as output, among other See 
things, solutions to the diffusion prediction equation developed for the missile base. ae 
(See Volume IJ, Chapters I] and Ii.) Therefore, In an attempt to test the system ; 
output against actual diffuston test data, a third series of experiments was con- 
ducted at both hases. ' 
There were 76 diffusion experiments conducted during Ocean Breeze over 


approximately a 12-mo period; 23 were conducted between 15 May and 14 June 
1961; 27 between LI January and 3 February 1962; 26 between 10 March and 31 : 
March 1962. There were 109 diffusion experiments conducted during Dry Gulch; ‘ 
: 52 were conducted between 12 June and 3 August 1961 (24 on B, 250n D, and 3 
i on course B with Arc D-3 also activated); 27 between S$ February and 29 MMarch oa 
; 1962 (13 on B, 14 0n D); 30 between 31 May and 29 June 1962 {17 on B, 13 0n D). 
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The diffusion experiments are summarized in Table 2 according to a stability 
classification scheme loosely defined as very stable, moderately stable, moderately 
unstable, and very unstable. To classify each experiment, values of the mean 
temperature difference between 6 and 54 f, denoted by AT, were used. Numerical 
limits of AT for the various categories are indicated in the Table. The primary 
value of Table 2 is to emphasize the very high frequency of the cxperiments that 
are classified as moderately unstable. This, of course, is a direct result of 
orienting the diffusion courses to study on-shore circulation patterns. Stable 
conditions occar very rarely with on-shore winds at either base, the most common 
stable situation being nearly calm conditions or winds drifting air very slowly out 
to sea Neither of these latter conditions cocld be studied with the diffusion 
coarses, although this is obviously of Hittle concern to the operational problem of 
scheduling potertially hazardous air pollution incide:ts. Under calm conditions, 
one simply does not schedule a potentially hazardous activity, regardless of the 
stability. With persistent off-shore winds, no air po lution hazard exists to per- 
sonnel working at the missile bases. 

The strong bias toward unstable conditions 1s somewhat undesirable for the 
purpose of developing diffusion prediction equations of general applicability for a 
wide range of low-level stabilities. The solution to this problem that has been 
adopted at both Canaveral and Vandenberg ma; be found in Volume !I, Chapter IJ. 


TABLE 2. Ocean Breeze and Dry Gulch experiments summarized by stability 
classifications. AT = temperature at 54 ft minus temperature at 6 ft 


Very Moderstely Moderately Ver Total N 
Unstable Unstable Stable Stable hxperiment 
tat <s3.0°F) | (-3 O<aT<0. OF) | (OcaT<3. 0°) | (aT>4. oF) | PxPErimente 
Oxean Rr- 
Arcst. 


Oceas Br: 
AU Arca 


Dey Galch 


B -course 
Dry Galch, 
D-course 
Ovy Gaich, 
B-course and 
Arc 3-3 


Totals by 
Rebility Category 
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\!. Ocean Breeze and Dry Gulch Diffusion Data 
: Charles L. Simpson 
. Charles.B. Elderkin 
ane Paul W. Nickola 
General Electric Company 


os 1. INTRODUCTION 

i The diffusion data obtalred dusting the experiments described in Chapter I were 

r] reduced hy personnel of the General Electric Company at Richland, Washington. 
The purpone of this chapter is to presant summaries of these data. Ktvld notes 


taken during the experiments which in many cases may be used to explain quastion- 
able data are also presented. 


2. DESCRIPTION OF ASSAYING TECHNIQUE 

ee, Ali bulk samplos of tracer collerted during Projects Ocean Breeze ond Dry 

oy Gulch were forwarded to Hunlord for savaying ina Rankin counter. This device 

te (Figure 1) permits quantitative dutection of tha fl .orascing tracer on the standard 
ne (ilter. 

Ia In the partially disassembled IMankin counter shown at the left in Figure 1, it can 


Ce dl 
i 


be seen that 12 complete field samyplura can be insurted simultanvoualy in the turn- 
table of the counting plg. The only processing that must bo dene to a field filler 
befure its insertion in the counter 18 the removal of (he dust cap 
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Figure 1. The Rankin Coumer. The instrument partially 
disassembled is shown at left, the assembled unit at right. 


The filter is rotated to the counting positton directly under a Dumont 6292 
mul{pller phototube. Figure 2 schematically illustrates a filter in counting posi- 
tion. A 200-microcurie plutonium source, in "he shape of an annulus about the base 
of the phototube, bombards the zine sulfide tracer with alpha particies, The result- 
Ing scintillations are viewed by the phototube, amplified, und tallied on u scaler, 

The Gelman AM-1 membrane {iter used in the sampler retains the bulk of 
sampled tracer particles at ite surface. This surface retention facilitates tho 
excitation of the sampled tracer by the bombarding alpha particles. 

Destyn of the counting pig permite the countce uperator to Insert and remove 


MULTIPLIER 


Provoruse mime 


Cmttse 


FEJOALSCING 
PARTICLES 


Vigure 2. Scheinatic ilustratlun of 
tilter In counting position in Rankin 
counter. 


filters from the turntable at the same time 
a filter ie being countod under the pholo- 
tube. This procedure rosultad in consid- 
erable saving of time cunsidering the large 
rumbor of filters (roughly 40, 000) ansayed 
during Ccvan Breeze and Dry Gulch, 

The sculer count rate (C) ls converted 
(o the mass (M) of tracer by means of 
the relattonship 


lufig Mos 9.95211 log ge - 9.07934 


where C ts in counts per minute. The 
Vackground counting rate is about 4 cuunte 
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per min - the equivalent of 4 X 1079 goftracer. The calibration hae been found to 


hold for masses as high as 6 X 10°! grams. 


3. OCEAN BREEZE DIFFUSION DATA 
Table 1 comains values of dosage in gm sec m*5 as measured at a height of 
15 { above the ground for each of three sampling arcs employed in the Ocean 
Breeze program, as well as values of the relative standard error, which is defined 
as the standerd deviation of repeat determinations of mass on a given filter as a 
percentage of the mass collected. 
For coavenience, the data in Table 1 are presented in the form of a computer 
Usting. The first word is an identification word; the sacond containa the exposure 
as measured at an azimuth given in the first word. The appropriate rclative 
| standard error is given in the third word. The fourth, fifth, sixth, and seventh 
words contain the dosege and relutive error at tho next sampler position in a clock- 
wise rotation 
In the first word, the first digit denotes the arc; the second, third, and fourth 
digits specify the number of the experiment; the sixth, always a8, denotes the 
4 15-f level; the seventh, elyhth, ninth, and tenth digits denote the azimuth of the 
| sampler. Aa entry of 2040 in the last four digits of the first word Indicates an 
: azimuth of 204.0°. However, since the tenth diyit specifies the number of quarter: 


- degrees, an entry of 2042 in the last four digits indicates an azimuth of 204, $* 

: This device was adopted to accommodate the half-vegree spacings on Arc 3. 

: Table 2 contains the values of exposure in gm sec m ~ as measured at heights 
of § {t above the ground and ia Interpreted In the same manner as the data in Table 

f 1, except that the sixth digit of the identification word is always an & to denote the 
$-t level. 


An asteriak preceding an ‘exposure’ word indicates that the value reported 
‘ could possibly be in error. Errors arise because of such reported mishaps as 
‘ dust on fillers, eplit {{lters, engine troubles, filter caps loft on, and so forth. 


j Table 4 summarizes all notes taken at the site during tne toasting and in the analysis 
r of the somplos in the Hanford laboratory. These nolos correspond to the asteriska 
; printed with the exposure data. {t will be noted that ght dust was found on many 

. of the samples. This resulted mainly from the fact that the sampling tirne was 

ws necessarily long because of light winds associated with inany of the tests. This 

ef problem was critically examinad during the Groen Glow program and correction 

| factors were applied to compennate for this effoct. The dust on the filters at Cape 


Canoversl was, however, so light that the offact of its presonce did not significantly < ere 
affuct the exposure values that are yiven. oe 


Table 4 presents the arcwise integrated exposures and the standard deviation 
of arcwise mass distributions for Ocean Breeze. The arcwise integrated exposure 
is defined as the product of the exposure and sampler spacing summed over the 
entire arc, cr AIE «= LE, Oy (over ali y) where y denotes the arc position and 
Ay isthe sampler spacing. 

Table 3 lists the pertods during which Maorescent particles were emitted for 
the diffusion experiments at Cape Canaveral, and also the total amounts (Q), in 


kilograms, of tracer material emitted. The length of the period of emission was 
always 30 minutes. 
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4. RELATIONSHIP BETWEEN 5- AND 15-FT OCEAN BREEZE EXPOSURE DATA 


Secondary leve) samplers, placed 5 ft high and spaced 6* a, ort between 240° 
and 330° azimuth on Arcs 1 and 2, were If. the tracer plume on 39 fictd tests, of 
which only 9 were run at night. The ratio of exposure at 5 ft to exposure at 15 ft 
was calculated for each data polnt, and «sill be designated R inthe following dis- 
cussion. 

The range of R found was 0.1 to 11.5 for day runs and 0.1 to 4.3 for night 
runs. Alter averaging all observations mede at each azimuth, the range cucreased 
to 0.1 to 2.5 for day runs snd 0, 1 to 4.3 for night runs. Values of A yreater than 
approximately 1.5 or less than about 0. 5 almost Invariably occurred at the edge 
of the plume, with exposures two to five orders of magnitude less than the peak ex- 
posures. Two exceptions were found; one during @ day run (R * 8. 5) and one during 
a night run (R © 4.3). Both exceptions wore at the peak, and no explanation seems 
satisfactory for these two oddities. 

The mean of R for all day runs was 1.0; for all night runs, 0.9. The overalt 
average RK for all runs, all azimuths, and all arcs was 1.0, The variance of R 
was 0,33 for day runs; 0.48 for night runs. The frequency distributions for day 


runs wore positively skewed; for wight runs, slightly negatively skewed. (See 
Figures 3 and 4.) 


Seasonal and vogetutional effects were examined, but little significance could 
be attached to the variations observed. in general, day runs showed no seasonal 
variation, but a slight dependence on vegetation was indicated, R being about 20 
per cent lesa when surrounded by vegetation more than S ft high than when sur- 
rounded by vegetation less than 5 ft high. Night runs, huwever, showad no vegeta- 
tion dependence; @ slight variation with season appeared, R during the summer 
being ubout 10 per cent less than that during the winter. 
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Figure 3. Frequency distribution of Figure 4. Frequency distribution of 
ratio of 5- to 15-ft exposure values, ratio of $- to 15-ft exposure values, 
Ocean Breeze daytime runs. Ocean Breeze nighttime runs. 


5. DRY GULCH DIFFUSION DATA 


The exposure data for the Dry Gulch experiments are presented in Table 6 in 
the 3ame baaic format as the Ocean Breeze data. However, because of the two, 
grids used at Vandenberg, it was necessary to denote the sampling arcs as follows: 
Ll - the first arc onthe B Course ata radial distance [rom the B source point of 1.43 mit, 
2 — the second B Course arc at a distance of 3. 52 mi, 7 - the first D Course arc at 
0. $3-mi distance frum the D source point, 8 - the second D Course arc at 0.93 mi, 
and 9 - the third D Course arc at 2.93 mi radial distance. It should be naed that 
considerable editing of the or{ginal data was necessary tefore the tabulated Van- 
denberg results could be obtained. This editing was necessary for several reasons. 
First, sampling cquipment failure recorded by the field crew during the tests 
sometimes produced Incorrect data. Equipment failure included engines stopping 
during the test, lack of necessary pressure differential to produce critical flow, 
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and damage to filter samples. Dust and carbon collection on some filters, camsing 
a reduction in tracer cetection, was also noted when the camples were assayed. 
During run 57, due to the highest wind of any of the tests, so many adjacent filters 
on Arcs 7 and 8 were dust laden that no attempt could be made to adjust them All 
ether erroneous data resulting Srem sempling equipment fatlere were repleced with 
values interpolated between the surrounding correct deta. 
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Second, unusually low dosages were measured at a few sampling positions 
where sampling was serlously obstructed by terrain or vegetation. These cases 
occurred where samplers sat at the bottom of deep ravines not characteristic af 
the general terrain and where samplers fell within or just behind one of the few 
groups of trees that were not characteristic of the general vegetative cover. Is 
addition to shielding the samples from the plume, these areas often trapped the 
engine exhaust producing a collection of carbon on the filters that reduced the tracer 
detection still further. Serious dosage reduction of this sort necessitated editing of 
data for several of the tests from the following sampling positions: 8-132, 8-134, 
8-136, and 9-119, located in deep gullies and 2-099, 2-102, and 9-138 located be- 
hindtrees. These data were replaced with interpolations between the surrounding 
representative samples. Many other dosage measurements were considered valid 
where samplers were partially shielded by the rough terrain features generally 
found over considerable areas at Vandenberg. 

Data were corrected from six sampling positions at 2-133 throug. 2-138 im the 
landing strip approach zone where small orifices had to be used during the first 
sertes of $2 tests. None of the engine and vacuum pump assemblies could be placed 
in this area ar3 it was necessary to reach these sampliug positions with long hoses 
{rom pumps situated outside the approach zone. Flew through the hoses produced a 
pressure drop which would have been too large to allow critical flow through the 
0. 901864 m?/sec orifices used on the rest of the are. Consequently, critical 
orifices giving half this flow rate were used at these six sampling positions and the 
counts for the samples taken there were doubled. This allowed the larger flow rate 
to be used for the entire arc in data reduction and a change in the computer data 
reduction program was avoided. 

The edge of the plume extended beyond the limits of the sampling course oe one 
or more arcs during several teats. in tenof these cases, it was possible to con- 
fidently extrapolate with the addition of no more than thrce data points thus extending 
the crosswind distribution to near background counts. This was done only whea the 
shape of the extended crusswind distribution tail was cleariy established by the 
valid samples taken near the end of the arc or by the shape of the crosswind distri- 
buticnd contained within the sampling grid on the other arcs. This editing provided 
better estimates of the crosswind variance in these ten cases, 
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Because of the intensive testing at Vandenberg with often two and aa many a8 
three tests in a day, the accumulation of tracer material deposited on the ground 
and its continual re-entrainment during the subsequent tests led to anomalous 
sampling. In most cases, the magnitude of this Meld contamination was low enough 
ta be comparable anly with those dosages at the edge of the plume. This led toa 
very small average value of field background which was factored into the data re- 
duction and which had an insignificant effect on the dosage calculation. However, 
when the conta:nination was found at the tail of the crosswind distribution,. it could 
possibly alter the calculation of the crosswind variance of the plume if not excluded. 
Ta combat the contemination problem, an altempt to minimize the effect was made 
by scheduling the diffusion tests with at least (wo hours from the end of one experi- 
ment until the beginning of the next to allow the wind to ‘clear off the course and 
reduce the particle pickup to a iow level Also, in editing the data, the anomalous 
counts were removed when the contamination was identified by noting the path of 
previous plumes, where contamination would be most likely, and by accounting for 
particular areas that were found to be recurrent sources of contamination. Also, 
plotting crosswind distributions and comparing them (roin one arc to another aided 
in identifying and climinating contamination samples. 

There were 17 cases of data obviously erroneous in which the reason for the 
error was unknown. These could possibly te accounted for by undetected faulty 
equipment, such as a plugged orifice which would restrict the Now, but would offer 
no visible evidence of improper operation. The sampling position at 7-148 evi- 
dently experienced some undetected equipment failure such as this during the first 
phase of the Vandenberg experiments; in almost every instance where the plume 
passed that position, a suspiciously low doaage was measured. The lack of expe- 
rience of the ficld crews during the first few tests could also account for some of 
these unexplained erroneous values. 

Whenever observed «chta were changed because of any of the reasons mentioned 
above, un asterisk appears in front of the data poim in the table of dosayea, indi- 
cating a notation was made concerning that value. Many aduitional asterisks appear 
indicating notes where no change in the data was necessary. Such notes concern 
sampling equipment adjustment where adequate sampling was not interrupted, de- 
tection and correction of equipment failures before or after plume passage where 
sampling of the pluine was not affected, light dust or smoke on the filters that did 
not reduce the count noticeably, cases where the filler was recounted and the second 
count was lisied, ard one case where a second sample was collected at sampling 
position 7-122 during the last tsu phases of the Vandenberg (cst series. ‘Chis sam- 
ple wag taken at the tep of a smatl hill just ahead of the original sample to determine 


if the hill altered the dosage measured at this point. There was often a factor of 
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two between the counts at these two samples, but the original sample usually fit the 
cresswind distribution as well as the second sample and the original sample was 
used in all cases. 

For all those inetances where interpolated or extrapolated estimates were 
weed, @ list of the notes pertaining to these data points te given in Table f. 

The arcwise integrated exposures and the standard deviation of arcwise mass 
distributions for the Dry Gulch experiments are presented in Table 8. Emission 
period data and total amounts of tracer emitted are listed in Table 9. 
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Summary of field and laboratory notes for the Ocean Breeze 


Position denotes are and azimuth location of sampler 


FIFTEEN FOOT SAMPLE HEIGHTS, 


TABLE 3. 
experiments. 
Res Posittor 
1 2-228 
1-230 
1-242 
1-246 
2-222 to 2-228 
20242 
2-244 
2 1-230 
2-230 
20234 
3 2206 through 2-226 
6 2-294 
10 2-184 
11 2-204 
2-212 through 2-232 
3-216 
13 1-224 through 1-252 
14 2-222 and 2-230 
1S 2-298 
16 1-256 
19 12272 
20 2-248 
2-258 
2-276 and 2-278 
22294 and 26296 
2-318 
24 3-161 
25 2-160 through 20174 
3-162 through 3173 
26 2-152 through 2-170 
3-152 through 3-168 
27 20178 through 2-186 
30174 
3-183 
28 1-182 through 1-188 
20182 through 2-186 
29 1-176 
30 3-159 through 3-188 
32 2-182 
35 1-254 and 16258 
37 1-254 
1-256 
38 1-282 
39 1-194 
2-190 
20200 
22242 
41 3-164 
42 1-194 


1-193 through 1-210 
2-200 
3-189 throuuh 3-162 


Note 


Sample dropped cn nd 

Engine changed out Boring test 

Filter split 

Filter dropped 

Engines out about § mioutes during test 

Engine out 2 minutes curing test 

Filter not properly seated ia holders 

Engine out § minutes during test 

Engine out 2 mioutes during test 

Engine out § misutes during test 

Heavy ground fog 

Data correct, woubles encountered 
prior to test 

Engine dead at end of test « still warm 

Light rain aftes 1945 & 

Light rain after 1945 8 

Sample missing, data {nterpolated 

Speay painting near samplers, paint 
tested and found not to affecs 
these dats 

Engines dead, values interpolated 

Small dirdepeck hole in filter 

Smal! birdepeck hole {o filter 

Bird observed perched on sampler 

Light {ntermittent rain during test 

Filter missing, value interpolated 

Heavy rain shower at 1255 6 

Light rain shower at 1216 8 

Sample dropped on ground 

Split Lo filtes 

Light dust on filter 

Light dust on fLiter 

Light dust on filter 

Light dust on filter 

Very light dust on filter 

Light carbon on filter 

Filter couched with finger 

Light carbon on filter 

Light carbon on filter 

Data correct; sh a sample recounted 

Light carbon on filter 

Data correct, suspicious sample recounted 

Data correct, suspicious sample recounted 

Filver touched with finger 

Data correct, suspicious data recounted 

Filter nce completely seated in sampler 

Data correct, suspicious data recounted 

Engine dead, data interpolated 

Heavy carSon, data Interpolated 

Engine dead, data interpolated 

Engine dead, data Interpolated 

Data correct, suspicious sample recounted 

Dust in vicialty, did not affect samples 

Data correct, suspicious sample recounted 

Smoke in vicinity, did not affect samples 


ane eae man 
j 
i 
3 
2 


2 TABLE 3 (contd) 


, Run Position Note 
OX) 1-210 Engine dead, but warm at end of test 

2-21¢ Dara correct, mpicions 

“ 2-216 Lata correct, suspicious sample recounted 

45 12194 Data correct, suspicious sample 

a 12218 Data correct, suspicious sample recounted 
2-210 Filter cropped 
22216 Data correct, suspicious sarople recoamo3 
2-218 Engine dead at end of test 
1-236 Data correct, suspicious sample recounted 

68 12134 Filter missing, value interpolated 

61 1-236 Data correct, suspicious sample recounted 

68 1-238 Data correct, suspicious sample recounted 


FIVE FOOT SAMPLE HEIGHTS 


Run Position Note 

13 1-240 No filter, counted backing 
1-252 Carbon on filtet 
2-258 Light dust on filter 

15 1-288 Filter dropped 

21 2-246 Carbon on filter 

95 2-264 through 2-294 Light dust on filters 


wwe wren: ae ee ee ewe ees se, Sans 


Be eee gas ee bn 2 
= . QA FIO GOP A a PP OT IO TF: + cower = we we a eS e . ‘* 
és FT Ee EE ETO ECO OC OEL OED OP *, 
Fe a 


io 
42, 


70 


ret cert eee oes 
row ese"e 
res one"e 
ever o00'R 
Sort Luret 
1196 ote'a 
tet bteet v'ott 9900'S 
S206 Ores 234) OuL't 
fatal wrt O°ROT 1e0's 
Corr cers veer 80°9 
ove 1t0s Ue eT 
fuser tn v's 
90." 
Cots oes°0 ovett wus 
vet 00°C #901 vost 
ost 96e*o Sst 298"o 
oer osc’o 
ULV 9or't 
O'e6s port 
seis LOo't 
4008 Leet 
ost 10ts 
eter rst 
Veet vec’o 
o'ort LeL'o 
Vos Loot 
2est 699° 
L*ost OvL't 
ous o6y's 
Coes 020°C 
L606 620° 
U'eet 920°C 
10uz w50% 
Uz C98°t 
SPOT 6t9'C 
FCs Cor'z 
os 966'0 
orort on0's 
ta) Ga E] as) Tay a an} 
‘0 av £9 alv 
@ Sav 2 3av 


ee ee ee ee |) 


asal toeet Lost terozet e 
Hires o6L’s tor soreeet 7 
Let ecoret oor sortzet ue 
Leet oorst oret Z9°CS*T we 
uss cares seat Bo*2Bot $C 
o°e¢ sesvet opel zerteet vt 
ute 026°9 699 29-0T*T ce 
one cote SPST Be-0e°! i 
6°29 zee evel treet te 
6"00t Soest oset Bersteh of 
sett t00°e veot Ceratet 63 
vs OUST vELT TOrBLEL 82 
"oR terest Teer corse us 
o's re ist Beretet 98 
a] oc0°e Crt te-ct-t 14 
9°39 t60°S LECT Bertrt ve 
eee 2262 cot torte cz 
sol torre 620K Tete zz 
0°99 oer's Sor te-tie9 uu 
utes LOL OLE te*ced or 
et 904% seeo t9-e-9 6t 
er seert WEE tpeere et 
tet ost’e 0980 tueees ut 
Use 9968°2 BFE t9LeD gt 
C’ect oau’t 8960 terued et 
o°L9 LOL°t best Lasaeg et 
tot 320 0060 Uraes ct 
Port o9t"t OO Lyese0 ot 
User oms’y orer teeters it 
C't0o 09¥°9 3908 W9-629S ot 
920 L8Z° Srl 19°62°9 6 

Vest PLS 9502 Whses t 

9790T on'e oso W997 t 

TOC cr9"t Orel 1961-9 9 

or Luss Cros T9-8l°S s 

t'09 2oce oss T9-BIe$ * 

v°98 6199 Cots To-L1°s ct 

0°49 SBS OS Wig z 

sts set's scet t9*st-$ t 

17) qn 338 (1s3) aed ung 

"9 BIv aunt 
1 av 


aaquinu 
O28 pue Jaquinu uns Aq payyuspy swI jay sardies y-oy soz $2973 UY (40) SVONNGI2SIp See acimd1e 
Jo ddy3e Aap paepuew pus g-8 a8 wd uy (a]y) Baansodxe powaZoquy sstmoze 27991g UTIZO “yy WIGVL 


an on ee 2 [ Le ae ae 4 


frome oy we OF 


Sl ee a 


"S$ Pelee 


ee ee ee 


Ou wero vsot cert 
| xT evc’s 9°l0S 9989 2°08 eortl Olt Ze-P1-€ 69 
rise coves ect coos use stort oz9t £9°ete’ ss 
| over $ret 9°aet TOG 795 ca9’6 eect trols tg 
j Gots 60L's tse u's scot L9rCtE ” 
v oor't eve 620°C Ce0t 090° 20st UHCIes $2 
| 0" ewe Cost c62'0 0°99 e9"t vet 29°C1-E +9 
} Cat 904.9 1°68 812°6 6cet L9°01°6 ce 
' Ut 6's Cat 62°90 yest THOS zs 
' 4 Bees weet oes" Lect tarot-s Ww 
' rie eoet r96 etc’e 9°39 es gOst ZO8-% 0s 
: ove zee" Leet 9et's O°LOt e6o°e geet o9-0°8 6 
| L'Let tte"s ber) ores! eta B9ese’ e ' 
i Cal ose’t oot 6Ly's o°8L woes wort ZOZ°z uw 
' pied cere v'8¢ 9c0°s veg eon'tt rat Bperez 9 
: gout erent Lceo c°oe 98T°R, int worked s? 
, Lite oeu't Urs C6Nk Sore *u°9 arst La-ter€ Od 
i sone ut 9°03 c80°2 ass eset wet sgetcet te 
Riad Lte"o sive bee o°6st 9S Soot ZS-OCk ze 
' Test ese't rr cre’t cd ces"e Ocst Z9-G2T Ww 
sest t6l'y ces vzy'at sz9t 38-9298 or 
Tar} cr Tay ai at Gy wom os) (asa) aitd oor 
a) mv ‘p atv ‘o aw worl 
t cay & Suv 128v 
(pwos) » ZTAVL 
Be git #2, 2 fmm ws te Se i et. ft MM ter ee ne he ed ate eet getdate oe, 
ati é ry Se =f ee he) Sore! 2 oii i Oe OL | Ree MLS | Leer ce; Poege, e 


vee 


cpm me weer pay 
‘ 
. 


TABLE 5. Total amount of tracer generated, Q, in kilograms, 
identified by run number, date, and time the 30-min emission 
period began for Ocean Breeze 


| Se. oe: veel 


3 wt eke] Date Ttime Refease Began 
: 1 1,04 15 May 62 1825 
7 2 1,78 17 May 61 1650 
; 3 : 17 May 61 2100 
| 4 1,78 18 May 61 1650 
8 57 18 May 6 2033 : 
6 55 19 May 61 1940 A 
q 1.95 24 May 62 1850 . 
8 61 2 May 61 2056 . 
. 9 1,70 29 May 61 1648 ses uateas 
: 10 11 29 May 61 2062 a a 
: . 2 11 1,80 31 May 61 1846 rn 
2 12 213 5 Jun 61 1100 
. 13 1.94 6 fun 61 0900 
be 4 £.56 6 Jun 62 1237 
’ 18 2,73 7 Jun 61 0906 
a 16 2.13 7 Jun 61 1239 
Ss i 17 2.64 8 fun 61 0840 
- . 18 2.67 9 jun 61 1231 
: 19 2.61 9 Jun 61 0838 , 
. 20 2,84 9 Jua 61 1210 
: z a ished is 
va 
a : . 23 2.62 14 Jun 61 1037 
if . 24 2.88 1i Jan 62 1327 se 
ae 25 2.06 17 Jan 62 1643 ae 
_ Z 26 2,19 17 Jan 62 1821 a 
” 3] 3,26 18 Jao 62 1412 se 
i 28 2.19 18 Jan 62 1724 > 
— 2 2.27 19 Jan 62 1634 ’ 
2 0 2.04 19 Jan $3 1830 we ate 
: 3 2.99 20 Jan 6 1349 
7 32 2.93 20 Jan 62 1842 pd 
33 2.45 20 Jan 62 1659 ee 
u“ 3.04 22 fan 63 1640 rere 
35 1.47 22 Jan 62 1828 ane 
: 38 2.93 23 Jan 62 1440 at ite 
: 31 2.93 23 Jan 62 1616 wy 
5 38 223 24 Jan 62 1431 eS 
39 2,24 25 Jan 62 1807 tte 
40 2.83 26 Jan 62 1622 pie eee 
4 2.88 29 Jan 62 1930 
42 2.88 30 Jan 62 1408 aa 
43 3,04 31 Jan 62 1354 wees: 
“ 2.93 31 Jan 63 1642 . 
45 2.88 1 Feb 62 1447 
48 2,93 1 Feb 62 1648 
41 2.99 2 Feb 62 1402 
48 2.99 2 Feb 62 1619 
49 2.88 3 Feb 62 1335 
50 2.93 3 Feb 62 1506 
St 2.88 10 Mar 62 1337 
52 2.91 10 Mar 62 1807 
53 3,04 10 Mar 62 1639 
4 2.99 13 Mar 62 1344 
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TABLE §$ (contd) 


Run Qh Date Time Release Began (EST} 
8s 3.04 13 Mar 62 1502 
86 2.99 13 Mar 69 1639 
' 8ST 2.96 14 Mar 62 1946 
4 88 2.88 14 Mar 62 1520 
69 2,88 14 Mar 62 1710 
60 2.96 16 Mar 62 1503S 
61 2.91 ve gar 62 1621 
+4 63 2,99 = 62 1153 
z 63 2.93 4 62 1342 
. 64 2.99 Lh, nut 6B 1451 
. ° 66 2,77 20 Mar 62 1840 
% 66 2.09 22 Mar 82 1551 
1 61 2.99 24 Mar 62 1834 
66 1.47 24 Mar &2 1816 
69 2,22 27 Mar 62 1821 
10 2,26 27 Mar 62 1956 
1 234 28 Mas 62 1820 
12 3.02 29 Mare 62 1628 
13 2.28 29 mar 62 1:17 
14 3,31 30 Mar 62 1538 
16 3,24 30 Mar 62 1848 
16 3.09 31 Mar 62 1823 
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TABLE 7. Summary of field and laboratory notes for the Dry Guich experiments. 
Position denotes are and azimuth location of sampler. 


Rua Pocitien Rete 
2 2 Low vacuum gauge readings; correction applied from 
2. curve of below critica) flow rate vs. pressure drop, 
23 
2 1-188 Interpolated; low count-no explanation; interpotated 
count -20,448, original count-1484, 
8-114 loterpolsted; no vacuurn relief valve - replaced 1100 tus, 
8-128 laterpolated; no membrane filter in Miter holder, 
3-138 Interpolated; dead engine at 1335 hea, + out of gas; in caving, 
8-134 Interpotated; engine not inscalled. 
8-138 Interpolated; dead engine at 1316 hes, © out of gas; in ravine, 
0-318 interpolated; dead engine at 1328; heavy carbon deposit, 
9-133 lnterpotste J; low count - no explanaston; Joterpolated 
coust -366, orlgiosl count-27, 
3 1-004 Interpolated; low count = no explanation; interpolates - 
count 28,256, origins) covat-531, 
1124 lates polated; low count + no Cfasntos: interpolated 
count-24,102, original count=283, 
8-104 incerpolateds heavy carbon deposit, 
8-144 interpolated; Yow count = 10 explanation; interpolated 
sien fedpii dy Wiehe ed rosa er ee ” 
j~ Interpolated; bi svy carbon deposit; in ravine, 
6-134 Interpolated; engine not instahed. 
4 2-117 Interpolated; low count « no explanation; toterpolsted 
couste363, original count-8, 
6 82132 Interpolated; heavy smoke deposit; in savine, 
8-138 Intespotaced; heavy carbon deposit; in ravine, 
6 2-189 Interpolated; heavy carbon deposit, 
7 70118 Interpolated; dust cap not removed. 
8-110 Interpolated; no flow through fires. 
8-128 Interpol ated; low count - no explanation; loterpoleted 
count-2717, original count-667, 
9-132 Interpolated; io caving; interpolated count-2000, 
original count-670, 
8-1 Interpolated; In ravine; interpolated count1200, 
original counte147, 
6-136 Interpolaced; in ravine; interpolated count~700, 
original couat-56, 
9 1.173 Exuapolated beyond edge of grid, 
1-178 Bxtrapolated beyond edge of grid, 
10 0-136 Inverpolated: in ravine; interpclatad count-1393, 
orlg:nal) count~222, 
9-100 Extrapolated beyond edge of grid, 
13 8-136 Intec polated; In cavine; interpolated count-1125, 
original counte337, 
7 70148 locerpotated; low count + no explanations loterpolated 
Count-2232, original count-71, 
8-332 Interpolated; heavy carhon deposit; in cavine, 
8-136 Interpolated; In ravine; (iterpolated count-8120, 
orlgtnal count-2771, 
$144 Interpolated; dead engine - yas valve not opened, 
8-146 Interpotared; dead engina » gas valve not opened, 
8-148 Intespoiated; dead engine - gas valve not opened, 
9-138 Interpolaced; below critical Now - bad vacuum gauge, 
18 72148 Interpolated; low count « no explanation; interpolated 
counte59,716, orlginal count-1027, 
9-138 Interpolated; below ciltical Mow » bad vacuum gauge, 
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< : TABLE 7 (contd) - 
D 
re : nan Position Note 
ae : ” 3-86 forecpolated: heavy dust deposit, 
a : 1-137 Interpolated; heavy carbon depostt. 
ao 2-090 Incerpolated; beblad wees, lotespolated count-1231, 
on original count-804, 
| 2-128 Interpolated; heavy dust deposit. 
: 2-18 Interpolated; heavy carbon dapusit. 
coh 3-151 Interpolated; dead engine ~ out of gas; heavy carbon 
rl deposit, 
v 2 2-102 Eisal behind wees; interpolated counte1861, 
+ original counte318, 
vs 2-108 Interpolated; near tree; surrounded 2 cyclone fences 
. interpolsted-1287, original count-4 3. 
vs ; st 1-148 Interpolated; low count - 90 explanation: interpolated 
~ count-2561, original coynt-108, 
h a 12148 Interpolated; low count - no explanation; interpolated 
™ count-1248, original count-229, 
os "A 1-122 Interpolated; moderats carbon deposits interpolated 
a count 6778, orlginal count-1131, 
Pigs 6-120 Interpolated; no flow through filter, 
a ; zs 1-161 Interpolated; clean filter mistakenly brought in from fictd, 
“ 20 9-107 Extrapotated beyond edge of 
‘ 9-108 Exwrapolated beyond edge of grid. 
: ; 9-109 Burepolated beyoad edge of grid. 
Fs ot 4.138 Interpolated; dead engics st 145; plugged orifice, 
- uu 9-107 Exurapolated beyond edge of grid, 
rao 9-108 Extrapolated beyond edge of grid, 
ot 9-109 Extrapolated beyond edge of grid. 
rt a 12146 Interpolated; low count = 00 sapleoatoel interpolated 
o count-18,050, original count-538, 
eo 9-138 Inrecpolated; Lo dense trees; interpolated count-208, 
aie original count-83, 
2" 42 0-136 Interpolated; in ravines tacerpolated count-3838, 
wg original count-606, 
43 12173 Extrapolated beyond edge of grid. 
ae 1-176 Exteapolated peyond edge of grid. 
ste 2-172 Exicapolsted beyond edge of 
fy «a 2-137 Interpolated; cap not removed, 
a 48 12182 Extrapolated beyond edge of grid, 
a “6 2-172 Extrapolated beyond edge of grid, 
a “9 10122 Intespolated; Sow count + n0 explanation: Interpolated 
oe count-24,228, otlginat countel 1,956. 
pow uu 2-148 interpolated; law count. 90 explanation; interpolated 
, count-6075, original count-9, 
—— 6&2 2-168 Interpolated; dead engine, 
ety 2-172 Extrapolated beyond edge of grid, 
oe, 3-173 Extrapolated beyond edge of grid, 
ae 83 20127 Interpolated; dead engine = cold at 1760, 
vee & 1-149 Interpolated; filter not changed; found on test 88 - no good. 
at, 2157 Interpolated; filter lost, 
seg cd 8-112 Interpolated; dead engine, 
oie 6 9-122 Inte:polated; filter lest, 
P 73 2o149 Interpolated; dead engine + cold at 1420, 
— " 9-130 Interpolated; dead engine - cold, yas tank 3/4 full at 1840, 
re." Lh 9-100 Literpolated; dead engine, 
fe, 9-101 Interpolated; dead engine, 
fost 83 16147 tnterpolated; low count ~ no explanation; interpolated 
on counte1200, original count-68, 
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| TABLE 7 (contd) 
; Ran Position Nove 
‘ $4 9-226 Interpolated; low count - no explanation; Loterpolated 
' aunt=886, os: 1} cowut~80, : 
87 8-118 Interpolated; low count - no explanation; tnrerpotated 
count-2$00, origina! counteS, 
88 12123 Interpolated; dead engloe - warm at 1845 « restarted, 
89 1-159 Interpolated; dead engine at 2145, 
90 8-132 Interpolated; in ravine; interpolated counte320, 
original counte2, 
95 12179 Extrapolated beyond edge of grid, 
1-181 Extrapolsted beyond edge of grid, 
96 8-116 Interpolated; filter ruptured, 
07 8-138 Interpulated; low count ~ no explanation; interpolated 
count~9700, original count-38. 
9-319 Interpolated; in ravine; interpolated count-1300, 
original count-431, 
99 20141 Interpolated; dead engiue - cold at 2105 » restarted. 
101 9e119 Interpolated; in cavine; loterpolated count-1370, 
original count-258, 
103 24149 Interpolated; dezd engine. 
108 8-118 Interpolated; dead engine ~ dad pus plug « restarted, 
106 9-096 Intecpolated; dead one ~ out of gas, cold at 0028, 
107 Te144 Mnterpofated; dropped Muter after test. 
‘ 108 12179 Bxurspolated beyond edge of grid, 
10181 Extrapolated beyond edge of grid, 


‘ 1-183 Extrapolated beyond edge of grid, 
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TABLE 9. Total amount of tracer generated, Q, in kilograms, identified by run, 


} number, date and time the 30-min emission period began for Dry Gulch 
Rus ay Date Time Release Began (PST) 
t re @-12-62 321s 
2 268 6-14-61 1045 
. 3 2.52 6-15-61 0800 
wy 4 1.60 6-16-61 0955S 
| $ 1,26 6-20-61 1905 
8 129 6-21-61 1857 
5 7 1,26 6-22-61 1905 
. 8 2.30 6.23.41 1505 
. 9 1,20 6-23.61 1830 
. 10 1,22 6-24-61 1905 
bY 1,74 6-28-61 1800 
12 1,18 6-26-61 1830 
13 1,16 6-37-61 450 
. 14 1,16 6-27-61 928 
18 1.46 6-28-61 1806 
. 16 1.20 6-28-61 2000 
Ww 212 6-29-61 1617 
© 18 116 6-28-61 2025 
19 6-30-61 1946 
2 7-01-61 1608 
21 2.28 7-05-61 
22 232 7-08-61 0742 
2 7-06-61 1230 
j 24 1,82 1-01-61 08038 
23 2,40 767-61 1147 
: 26 191 1-08-61 0917 
i 27 1,94 7-10-61 0845 
. 28 1.14 7-11-61 0935 
‘a 29 196 7213-61 1100 
a 30 2.32 9-17-61 1100 
A 31 114 2018-31 1104 
32 2,40 7219-61 0903 
ij 33 Ls2 1-19-61 1230 
“ 182 1-20-61 0315 
35 2.44 9-21-61 0900 
38 1,87 1224-61 1600 
31 135 1-24-61 1935 
38 138 1-28-61 1510 
39 1.35 7.25061 1930 
40 2.67 7-26-61 1522 
4l 1.2% 1-26-61 1930 
= 42 2,49 7-%1-61 1§30 
'e 4 1.30 1-27-61 1950 
“4 252 7-28-61 1815 
45 1.28 1-23-61 1958 
46 1,96 1-29-61 1930 
x aT 2.64 7-31-61 1535 
“ 48 1,27 T-31-61 1905 
“ 49 2.40 8-01-61 1§30 
: 50 1.23 8-01-61 1925 
~ st 2.40 8-07-61 1925 
= 52 x 8-03-61 1937 
$3 AS} 2-08-62 1645S 
Z $4 3.04 2-06-62 1418 
55 2,3 3-07-62 1622 
56 333 3-02-62 1455 
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TABLE 9 (conta) 


Rus QCkg) Date_ Time Release Began (PST) 
90 $209-82 1610 
. by 3-10-62 1010 
60 3.11 3-10-67 1958 
61 3.28 3+12662 1445 
62 2,33 3-12062 1830 
63 3.22 3213-62 1447 
64 2.13 3-19-62 1245 
6S 2.49 9-19-62 1645 
6s 2.28 3-19-62 1940 
67 2.78 3-21-62 1245 
68 2.60 3021262 1610 
69 2.03 3=21-62 1912 
70 1,48 9-22-62 1850 
or 2.18 3-23-62 1245 
72 2.49 9-23-62 1940 
13 2.81 3-24-62 1445 
14 2.70 3-26-62 1305 
15 1,72 3-26-62 1850 
16 203 9-27262 1545 
7 2.01 3028-62 1630 
78 2.49 3-20-62 1800 
79 2.18 3-29-62 3850 
86 1.83 fo31 062 1855 
81 2.07 6901062 1943 
82 2,24 6-04-52 1540 
a3 2.16 6-05-62 1250 
94 1.70 6-05-62 1918 
8S 1.73 6-06-62 1830 
86 2.39 6-07-62 1863S 
87 1.34 8-07-62 1955 
88 2,49 6-08-62 1501 
89 1.87 6008-62 1906 
90 1.87 6-09-62 1930 
91 2.59 6-11-62 1650 
92 1.93 6-11-62 2045 
93 2.27 6-12-62 1843 
94 2.68 6-12-62 2035 
95 2.70 6-18-62 1915 
98 2.81 6-20-62 1850 
97 2,17 6-21-62 1800 
98 2,03 6-21-62 2035 
99 2,54 6-22-62 1717 
100 2,05 6-22-62 2008 
201 2,89 6-23-62 1600 
102 1.90 6-23-62 1945 
103 2.43 6-25-62 1725 
104 2.19 6-25-62 2016 
105 2,82 6 -26-€2 1745 
106 2.03 6-26-62 2100 
107 2.05 6 +2862 1730 
108 1.93 6-28-62 2032 
109 2.84 6-29-62 1550 
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ill. Ocean Breeze and Dry Gulch Meteorological Data 


Joan Dwyer 
Air Force Cambridge Research Laboratories 


1, STANDARD DEVIATIONS OF THE AZIMUTH FLUCTUATIONS 


The wind direction trace3 onthe Type M strip charts were read at 2-sec inter- 


‘ vals on a Gerber Automatic Chart Reader, No. GODRS-3, and were digitized on 
cards by Research Calculations, Inc. These data cards were ased as input for an 
| IBM 650 program to compute the standard deviations, @ 6.) of azimuth fluctua- 


: tions, ee Strip chart readings were made only every 2 sec because the type M 

i vanes are relatively slow response instruments. Turbulent eddies of less than a 
2-sec duration made practically nocontribution to the a6 ,). It has heen concluded by 
Hay and Pasquill that the crosswind spread of particles from a continuous poin 
source could be reliably computed from smoothed azimuth Nuctuation data. They 
indicated that these data should be smoothed by using a running mean averaging 
period of approximately one quarter of the mean downwind travel time of the re- 
leased particles out to a selected distunce; For the diffusion prediction equations 
developed at a later date, however, the running mean averaging period chosen for 
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Ocean ?. _ . +i Dry Guich was 16 seconds. A description of the development of 
thesee |. may be found ia Chapter { of Volume 11. 
Her, the smoothed © (6,) are listed. The results using various non- 


overlapping averaging periods are also listed since these were eastly computed in 
the same computer program. The variable subscript s indicates the time span, 
in seconds, of the variates, ,),. used in each o,) computation, s * 2, 4, 8, 
16, 32, 64, 128, 256, 512, 1024, 1536, 2048, 2586. 

The first 30 min of each wiad direction record that was read coincided with 
the tracer emission period. For most of the experiments, another 18 min were 
read to take intc account a rough tndicetion of downwind mean travel time. There- 


fore, a sample size of 1440 dsta points was used for most of the computations for 
of). 


ef ee fs a” 
06) = 54 Q @%, (ze) | a) 


For the nonoverlapping means, 


2 ish 
(5,), »=— O, i*1,2,...,n (2) 
“ts Dict * 
N 
where aye [ar] 
For the overlapping means, 
2 is/2-1 ; 
@,), * = o e, (2 1,2,...0m, (3) 


where 1" N-s/2*t . 


Table I presents these standard deviations for ull Ocean Breeze diffusion runs ex- 
cept ren 76 (type M chart lost enroute). Word one of the output is an identification 
word. A one in Column 1 indicotes the location, AMR. The next four columns are 
the dute block: month and day. A five, six, or seven in Column 6 indicates the 
first, second, or third experiment, respectively, of the same Jay. Column 7 con- 
tains al or 2; aycar code. The last three columns indicate the number of min- 
utes of recording that were read, snd were programmed to establish the upper 
limits of A, for the nonoverlapping smoocthings a3 follows: 
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Masimum s 
(sec) 


oe ene apes ene 


The next eight to eleven ter-digit words cormain the nosover-apping means used 
in the longest nonoverlapping sigma comovtation, that {s, that with the largest s. 
These means are rounded off to the nearest whole degree ard are packed tuo to a 
word with four zeros separating each pair. 

The following two lines are the nonoverlapping variance _ standard devidticn 
for each = ofs. Thus, ie first of these lines shoss (9, Bie aC) 2 4e, y, 

48 ,), Ae ” 8,), 18 ,.)*. ig)- The A0,) is saecsoed bint ce variate 
isa ee adn Both eee kas o(8,) are riseaiea at th: beginning of the over- 
lapping output that follows the a aaveclansing output. 

All the sigma tabulations are in floating poirt formot with the last tao digits of 
each word representing the machine exponent, m. Each sumber is, therefore, 
equal to the eight -digit digittand muitiplied by ten raised to the (n-50) power. The 
decimal point of the digitand is always located immediately to the le® of the ex- 
treme left digit. The final one word line of output, (found mainly in Phase Il and 


Ul of the Ocean Breeze runs), is the mean wind direction, ~ By (02), » andis 
e s 
also in Moating point. 

Table 2 lists the Ory Gulch results. The data sere ret:ced and processed in 
the same manner as the Ocean Breeze data. Atwso in Column 1 of the identifica- 
tion word indicates the D course at Vandenberg, ar] athree, the B course. 

Missing data for high vatues of s inthe Dry Geich experimects are due to 
dropping of the ters position of the eight: “gt cigitant ahenthe michine exponent 
exceeded 58. This occurred in the i cone ahen the @, were large fourth 
Guadrant values, and s was greater than 1525. Using Fa. (i), a negative result 
was produced, but, of course, this «as s< t> zero in the ctp.t. 

At a later date, all the Type M charts for wth Ocean Breeze ard Dry Gulch 
were reread at 10-sec intervals for the 20-mia exiasion p-slod. The unsmocthed 
stigmas, o(@,9), sere compute: ona Packsrs Boll 222 osmrcter using a program 
which also processed nond:ffusion Ocean Breere and Ory Gilth rans iathe same 


way the diffusion runs vere processed on the IBM £39. 
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2, AZIMUTH FREQUENCY DISTRIBUTIONS 


t 
s 


Frequency distributions of the 2-sec and 10-sec azimuth readings were com- 
pered by constructing histograms of the 2-sec data using 10° class intervals. 
Frequency polygons of the 10-sec data were then superimposed on the 2-aee htsto~ 
grams. In each of these graphical representations, the frequency polygon con- 
formed very closely to the corresponding histogram. These comparisons are not 
shown here. However, a scatter diagram of o(@2) vs 0(@,9) 18 presented in 
Figure 1 for Ocean Breeze, and Figure 2 for Dry Gulch. For comparison purposes 
these data are presented in Tables 3 and 4 respectively. 


3. TEMPERATURE DIFFERENCES AND WIND SPEED DATA 


The OT’s for all Ocean Breeze runs were computed from three wiresonde 
temperaturc measurements taken at intervals of 50 ft to a height of 500 f{ for each 
ascent and clescent of the captive balloon. These temperature differences are tab- 
ulated in Table 5 in degrees centigrade. The fetter m denotes miasing data. No 
wiresonde data were available for runs 54, 60, 63, 64, 72, and 74, Therefore, 
4T*s sted for these runs were obtained from WIND System printouts. 

Temperature differences for Dry Gulch experiments were initially obtained by 
wiresunde instruments mounted on an Atlas Gantry, and after Experiment 29, by 
wiresondes, for the first series of experiments. For the second and third series, 
measorements of temperature differences betv.een 6 ft and $4 f% were recorded 
from shielded thermocouple junctions, and these, as well as the wiresondeas, were 
used. Tiroughout the sccond series of experiments, ST <4 _,'s were also obtained 
from Rustrak recordings of 6-junction thermopiles mounted in Beckman-Whitley 
aspirated shiclds. The ST's for all the Dry Gulch experiments are found in Table 
6 in degrees centigrade. 

The 'gantrysonde’ readings are listed unde: Column 1 of ST data where the 
differcace was taken from 50 ft to roughly 6 feet. In Column 2 are found the 
readings that were estimated from rawinsonde data taken at nearby Point Arguello 
because no 'gantrysondes' were available for these runs. All wiresonde data avall- 
aole for Experiments 30B through 109B are Hated in Column 3 of the AT data. 
These readings are from 50 ft to about 6 feet. The next column ofthe OT listings 
shows measurements recorded from the shielded therinocouple junctions erected 
, on the B course referred to as Mod {I site. The last column Is a tabulation of the 

Rustrak recordings from the 6-junction thermopiles located near the D course 
source point, 

The wind speed data for ai] Occan Breeze and Dry Guich experiments were 
read from the strip chart recordings of the Belfort Instrument Company's Type M 
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Figure 2. 0(0,) va {81 9) for Dry Gulch 
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anemometer and are tabulated together with the OT’s in the aforementioned tables. 
These U data are intenths of meters per second. 


4. RAWINSONDE DATA ‘a 


Rawinsonde data collected from Cape Canaveral by Pan American Airways sre 
tabulated for the thrce experiments! phases of Ocesn Breeze in Table:7. Uf an ob- 
servation was not taken during the two hours before, during the pigment generation 
period, or during the 60 min follewing the generation shut off, then the two closest 
observations are given, if available. The time to the right of the data is the 
starting time of the experiment; the time in parentheses on the next line is thet of 
the rawinsonde observation, No observations were available that coincided with 
Expcriments 24, 41, 42, 43, and 44. 

Values of pressure, height, tempersture and relative humidity are gives for 
significant and mandatory levels. The pressure is given in whole millitars, the 
height in meters above the ground, the temperature in degrees centigrade, and the 
relative humidity in per cer. 

The values for the winds are given for the standard heights. The height is 


" given in meters above the ground, the dircction in whole degrecs, and the speed in 


meters per second. Calm wind conditions are denoted by c. 

Table 8 presents the rawinsonde observations for Dry Gulch made by the U. 3. 
Weather Bureau's Point Arguello rawinsonde station. No observations were svall- 
able for Experiments 20-B, 49-D, 50-B, and 102-D. Al) values are given in the 
same units as the Ocean Breeze observations. 
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